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‘I’l Iis ]Ja])er adclwsscs  tllc ])rol)le]il  o f  fil]di]lg; a  ]Jalalt]et]ic  forlt] for tlIe rain (Ire]) six dis-
tril)UtliOII wllicll  1 ) is al I ap])mpriatc  lnod(l for tro])ical  rail) fall, iIII(l 2) i]lvollw  statistically
i]l(l(’j)(~]lcl(’]lt  lmaIIIctcrs. Sucl I a ])alz]l])(’tliz~llioll i s (l(~ril’cd i]] th is  ])a])cr. ‘1’wo of tlll(!

](’s(lltill~  tjl IrCC ‘(call onic.al)’ paIaIIIctcm (11111 oui {0 vary  rclatiwly little,  ilIus ]tlakillg tlIc
])?ll;~]]let,]iz?itio]l  ])art,iculal]y usrfu] fol I(IIIOt(S sc]lsi])g a])]) licatimls.



1 introduction

Sillcc  N’!aIxl  Ian aII(l l)iIll I]Cl’S ]Jiollcclillg  1948 l)a])(:l, l]lucll attclltiol)  has l)WII  fc)c~lsd 01)
ol)tjaitti]lg r~’lalfively silll])lc allalyt,  ic cx])rcssiolls ill\’olvill/,  as sl]lall a II UlIIlm  of ])ar.3111dcIs

a s  jmssil)lc k) lnodcl ltw<]surcd dro]) s i z e  distril)utiolm  (1),S1)’s). ‘1’llc till’ec-])?ll’?llll(’tcl’ 1 ‘-

distril)utiml JI]odcl
AT(I)) = AT[, /Yc All (I)

]) IO1)OS(XI”  l)y Illl)licll  (1 983) ]Ias lJCU1 tes ted using difk:rmlt data  sets (SCC e.g. I<OXU iITId
Naka  TIlura, 1 9 9 1 ,  (;()(l(laId  aIId CIIcIry,  1 (N4, and Illl)ricll,  1983), and it has ])rovcd to I)c
s(lf[iciell(ly l’m’sati]c  k) fit lIlost data satisftl(:tc)l’i]j~, as ]011:; as ollc is Wi]lillg to allo~v a rc]atiw’]y
\V;[l(’ ]’allp;(’ of Valll CS fol” tll C ])ill’iil]l{’t(V’ //.

II OWCVCI)  Illl)ricll  ( 1983) ]mi]ltml OIIt, iill[l tlIC ]) I(xcIIt }~’orl;  COIIfiIIIIS, ( h i l t  tll C ])ill’i(lllCtCl’S

f$’(}, // ii]l(l A  i(l~ IIOt  ]l]~]tl]ill]~~  ill({~])~]l[l(>])t.  III ]) J’il Cti(”(’, t]liS lJlak(’S t]l~ l’C])l’(’SCJltilti{ )Jl ( ]  )

(Ii [Iicllltf  to usc ill rail] rctrimw] algoritll]  1)s. ‘J’o i l lustrate  illc ])rol~lcu]), su])]mc  o]lc lIas
lll(>il Slll’(’Jl)(’lltS of il l’ilill-l’Clil~C(l  (]llillltit~ ~ = Z(O) ilt \rill’iOllS  a l t i t u d e s  (/ ill tll(! iltJlloS])llC1’(’.

011(  ]llii~ tll(:ll try to dctrrlnillc  tllc distril)utiml AT(I); a) at tlIe (oll(s])c)l)(lillg;  a l t i t u d e s .  ,4
]Jriori, all t,]ll’(’c  ])ill”iilllCtC1’S ill (1 ) 111:1~ VilI’~ }Vitll ((. Yet  gil’cll OIIC’S si]tglc  OIJSc:rV(d  qllillltit~

Z, it is Illl]”cillistic to cx])cct, to suc.ccssfully dctcrlllillc, i\t (~il(ll altitll(lc, tll~ tri])lc (A~(l, //, A )

lllilt ])1”()(111(”(’{1  tll(’ O1)S(’I’V(’(1  v a l u e  O f  X. 111 t IIis ( ’ i i S C , ()]le Wily t,() ci]clll]lvult  t]lis ])1’OI)lC]]l
i s  {() ilSSIJJll(’  t])iit t]}~ l)~])ic ally -](’ss-\ ’iil’jii])](’ ])ii]’i!l}l(’t(’l’s iil’(’  (’()]lsti}ll~, c.g;. ]t]iik(’ A’() illl(l //

(ol]~;tilllt,  illl(l ddcr]nillc A(c)  ils a  fllllctioll of tllc ol)sc]\Tc(l Z(([).  ‘1’IIc s])ccific  (collstalli)

\~iill](~s of AI ’ ( I  ill)(] // II(X’d  ]tot 1.)c  kJIO\$’11 1 )(~fo](~]lill)(l  ; 011(”  IIlilj’ tl’~ to CICt(’I’IJlill  C tll(’111  llSi Jl~

illl(”il]ill”}~ Ol)S(’l”\Jil  t,ioJIS ()]’ ill’C]li\Jd  ]li Sto J’i(’ill  (Iiltil. ‘1’]IC ])l”ol)]~lJl  \l’it]l t]liS il])])l’Oil(”]l  iS t]la{

it lllilk(’S llttlC SCIISC {0 i\ SSlllll C AT(,  constant  il]l(l l(t A  (llii~l~,(!  a c c o r d i n g  to tl)(: ol)s(r\atiol),

\\’]1(’11  OJI(”  illl’(:~(1~ ]iJloWS  ~]liit  ~TO  iilld A  ill”(’ StJ’()]]gl~ Col’I’C]iif C[].

It is (Illcrcf’orc Iwy llscful to dcriw all cxjjwssio]l  l i k e  ( 1 )  1)11{  i]tvolvi]ts  Sti]tistically
ill(l(’] )( ’ll(l(’llt ])ill”il JllCtCl”S, 011 CS tllilt ill’C ])1”(’f(’l”ill.)1~  ])ll~Si Ciilly 111(  ’illli IlgfUl. ‘1’llilt i s  tll C ililll of
t h i s  ])il])(’1’.

2 Statistical analysis of tlhc Darwin data
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SIICII aTI ass  II II I])i,ioII  is al)])mli])g;ly  si]I]])le, it dms Ilot allow OI]C to usc all tlIC illforlllatiol] at
llalltl, A  ll~~\xil ])llliI-lilc(li lloo(l” a])]Jmacll dom. l]lduxl,  OIIC CaII vim tlIe dm])-size  distril)lv
tioll Al(])) as t]lc ])roduct of a dro])-siw df’?ltsiiy  ~u}jdion pl,,A(j))  =-. A~’+ ] ])l’c- ‘])/]’(~[ -{ ] ) ,
w]licll (Ic]m]lds o]) II a]ld A  oIIly, wit]l tllr  total IIUIIIIWI  of dro]M Nol’(l/ -[ 1  )A - “ -  ‘ . Si]im
tlIc Iatllm is dirdly wlatd to tllc olmrvul total mllllt,  tll( l)rol)lc]l]  of (Jstilnatil)g; ~[ a]ld A
rdtlmi to finding th(’ valum of tllwc  two ])alalnoters that IIlaxilllizc tlte likrlilloml

20

11 (TP,A(l/;))*” (2)
j: 1

O f  ol)taillil)g; tl]c COUTItS  A’.i  tl)at w e r e  [o])l])utc(l  flo]l] {IIc ol)s(:l\’~itiolls”  (usi]lg qu~itiol)  3 j~l

Sll(qq)ard a n d  .Ioc, 1 9 9 4 ) ,  Wit]l l)j as i l l  tal)l(’ 1 . llistcad o f  tlie al)st]ad  ])a]al]](ters  AT(I, II
;II1(l A,  wc USN] tile II)OrC ])llysjmllj’  lncallillgful ~alial)lw

.!!* : le]ativc  lIltlss-\\’eigllt((l  r. 111, s, dc\iatioll of  dro]) dialllder = -- -—-=
V/].l 4

(4)

1’(// -1 4.67)
1{ = i~lst~llltalle{)~ls  rail) rak = 7 . 1  . 1  W ‘3 - -  -AT+ ~=,y- A~[~ 11111]/llr, (5)

l{(latio]l (5) w a s  ol)taillml assulllillg tllatj 1) is ill IIlillillwtcrs aTId t])at tllr fall  ve]ocity u of
a  (Irol) of dialt)do l) 111111  is v = 3.781)067  111/sec (Atlas a]id lJll)ricl) 1977). ‘J’lle ll]axill]ult]-
likelillm(l  mtilllatm  are sllmvl) ill tl)c ])airwisescat  t m diagrallls of figuws 1 a 1 f. Sinm tl)r
111(’;IsIII(:III(*I1ls  ]nadc dllri]lg vmy li~;lll rain arc llllwlial)]c l)mallw of tl]e s]]]al]  sali]l)l(~ six,
wc i III] msml a lol~’(~]’-l)ollll(l”  mllditlioli (u I I I ’ . ‘1’IIc ]m]ticular  WIIUC of  ().7 111111/llr  \\Ias Cl)ose]l
I)(callsc  it Corrm])ollds  to (II{’ ]Jmjwtml  ‘1’rol)ical liail)fall  Measll]illg  Mission radal’s  s(’lls~-
ti\ity (Kawallis]li d al , ] {)03). ‘.l’]ic val(lm of tile \TaTious  Col](litiollal  corl(:latiol] codlicjel]ts

>

Fa7%!‘~, ii.
‘1’al)lc  2: ~;orlclatjoll cocflicj(:litjs  for  llIc 8S-89  alI(l 8{1-90 s e a s o n s .

((()]l(liti()]l(cl  o] I 1? >  ().7 11111]/llr) aw F;i\(ll ill tal)]e 2. A s  OI]C IIlip,llt lIavc mpdwl,  tl)m:
i s  ]io sig;llifiulllt Corldaiioll  1)(’twm’1]  tll(’ lIIcal  I (110])  (Iiallleters I)* all(l tj]lc  I’CI?I{l VC 111(’  all

\’a T’iallcc s * 2  o f  tjl IC dialndms. IIowwr, tllc d a t a  slIows (lIat lmtlI tlIcsc qualltit)ies am ratlltr

5



St,l’()]]p;ly  (’ol’l’(!l?ltc(l wit!]) tlllc rain rate. AS 10 ~]]])1’i(]l’s  ol’ig;illal vaIjal)l(w,  t,]Ie  IIIOS1 Stliliillg

coIr(:latio  II” is t,l  I at of NJ witlI  A :  t,l Ici T coIIrlatio II c(x~flicj(~lil  is 0.92 foI t IIc 1989  S9 seasoII,

a n d  ().93 for 1989  9 0 .

A  ])o])IIlaI  Ivay to IIIakC  ]Il;ltll(]]l:iti(tllly  exj)licit tlIc jllt[lclc])(ll(l(~llc(s Jyhic]t  III Iderlic

tll I(I ol)scrvd  mrrdatiolls i s  to us(: ]x)wm-law  rqycssiolls  al]d m])]ms  ollc var;al)]c  iII t,crIIIs

o f ”  alIot]I(’I’>  (’,/?;.  @ to filtd iIItmvI]s fo]”  (/, b, c a]]d d SUCII tlIat NO = (///’ [)1 A = Cl/[l

(s((’  “F; l]ll)l’i(’ll> 1~~~~+ and lf~~~~) ‘J’IIc IMO1)ICIIIS u’jtlI sll(lI  aII a])])lo?ldl  a*c t]]at o]),: I]ICI,
ar(lilicially iTltj  IOd UmS llmv umflici[~llt)s  (l Ial IIcly  {/, h, c aIId d )  wlIiclI  arc IIOt  rc]atcd to aIIy o f
tlI(: original  valial)]cs  iII a llllique w a y , and lvll(x+(’  I I Illtjual co\~arial  Iccs arc tlimefore i] i)])ossjl)]c

to (I(t(vltlillc. Sillcc,  ill addit,ioli, suc]l ]mvu-la]vs  ])roduw f a r  ]IK)MJ  u]ll<ltow])s tllall OIIC
stall  (xl wit,li, a ]JIO]C rf[ic;mlt,  all(l collsist(~llt a])])macl]  sucl I as a siltlp]c (judicious) cl Ial Igc of
varial )1(’s Sllollld  ])1’o\7c!  11101’(’ Useful .

‘I1]IC sjlll])](st, way to c] IaIIgc  varial~]cs so a s  to (11(1 Ill) wjtll al I ;Ildq)cll(lclli,  set js 1,() fi]ld
tlIc  (ort,]  Iog;oIIal ) c~ig;cll\(~(tc)ls  o f  tlIe cowlr;allcc II)atrix, 1 ]owcver, tllc Val’ial)]cs  ])1’()(111(:(!(”1
llsillg SIICII  aTI al)])macll  will IIOtl  l)c physically mcallillg$ul. III a(l(lit,jol),  it is very desirable
10 S])(’c;fically retail] tllc rail) rate 1{ as olIr of tlIc 3 IaIial)lcs  s;llcc it js OIIC  of LIIC qualli,ities
o f  IIIOSt iIItoImt.  SO ratl IcI tlIa II diago]lalize  tlIc cowIIiaIIcc  ]I)atrix,  IN us dcxiclc  to l(q) 1/
a s  III(: first,  varial)lc,  alI(l succcssivc]y IIlodify . 1 ) *  t,l I(v I S* ;II oldcl to (’lid u ] )  1~’jtll a  sd of

111  I(oll(’liIt, ccl al Id, olI(”  lIo])cs, joi IIt,ly (log-  )IIOrIIIal  Iwliablcs. ‘lllIC scatter  (liagra~tls 1 c al)d 1(1
sIIgI;gI;(%l i]Iat a  ]ill(’ar cl IiIIIgc  o f  \7aIjal)](s

s{log(l)”)  k)g(h’)}  -  (Ys{log(li)’}  = t{lo:)(l)”)}t{k)g( it)} -  n :{log(/ /)}” (7)

LIsillg tll( J 988 89 d a t a  to cstilllatc  tllc  s(s(olI(l-olclcl”  llloIIIcl  Its ill ( 7 ) ,  olIc fill(ls t h a t  o
SIIOLII(l  cq~lal (). J33(i, lvliilc tlIc 1 9S9 9 0  salIl])lc lllolIlclIl,s  ,e;ive tlIc I’alllc ( ) .  128 . l{ctaillillg
two sip;tli(icallt, di,fjtjs gives a collsistcl)t  val Ilc

A s  10 s*, tllc scattm  diagralt]s “1 c aI]d 1 f suggest tl]at, tllc S* 1/ corrclatiol] is (IUC  Inostly

(() (liIta (:c)l]es])c)ll{lillg;  to l]igll rail] raics. III fact), \t’lIclI colld;tiollcd  olI 1/ <  9  111111/111,  tlI(
s“ 11’ coll(litiolla] corrdatioll  cocf~icicllt, (110])s fro] I I tlIc origil)al -0.45 {0 0.()()24 for the 88 s<]
s(’asoII, alId frol II -0. (i2 1,0 -().1 (i fol t,l Ic 89 90 dat a. ‘1’llclcfol(,  ratlIcr  tlIal I a lillcal cllallg(:
of valial)l(w, a (Illa(lratjic  for]])

]()~;(.%”)  z ]()/;(S”)  -1 P k)~(]{)2 (9)

(i



/3= - 0 . 0 2 ( l o )

l“jllilllJ’,  011(’  II(TX1S  to l’C])lilC.[:  S “ I)y a \wljal)lc  wllicll  ;s llll(()]lcl~ite(l  wjtll dtl]u 1/ or I)’.
(Iilllillg; t]l( II(’W Va]’i~l)lC  S’, if jt js (l C(ill  C{l l)J’ il lill(’ill’  (“llilll/,(’  Of \’al’iill)l CS

log(s”) ~ k)g(s’) -1 y l o g ( l ) ’ ) (11)

it \!’ill  1)(’  illltolll illi(”illl~ 1111  Col’1’(:lilt(’(1  1$’itll  1/’ (1)( ’(”illl  S(’ .% “  illl(l D’ i l l ’ ( ’ ) ,  SO jt s~lflicmi to CII()()W

~ ill S(1(”11  :1 W’:IY  tllilt S ’  iilld IY al’(: llIICC)1’1’(’121  t(’(1. l)romdill~ :1S l) CfOl”C, OIIC fill(lS

]{ , ill St illltilll(X)llS l’ilill l’ilt(’ ( 1 3 )

,)/ , ,)*,{- 0.13 (14)

iilld  s’ =
s+ ])/-  0,:{5 ,(0.02  IOg(l{)

(1[))

‘1’]1(’ S(”il{f(’1’  (]j?Lgl’illllS  jll fif’;UIY’S ??1 ~f Sllolt” (]1(’  \rillll(’S O f  t]l(’SC II(’W  \rill’jil~)](’S  fol” {11(’  ])ill’W’jll

1 )  S 1 ) ’ s .  ‘I’])(’  II)ill’p;illill SliltiStiC” S fO1’ C;(CII ill(livi(lllill \’ill’iill)l(’ ill’(’ SLlllllllill’i  XC(l ill till)l(s 3 .  It

,------------ ,r ------
hi(’all

It““ire 89 ] 1989 901-----+””- 1---
])  ‘:= -j.jj ‘ ~~~-’-’

,$1 0.37 ‘“ ().355
1{ 8.2 15.57

i-l- _.1 ‘--k)g(j)f) 0.387 0 . 4 2

IOg(s’) .~f)~ .-j(p~

k)g(ll?) ]“.j]”  - ].q~

l!---:- .-. .“--“3Stiilldill’(1  lkwjaiioll
j{jsK-Tg-p(]8g  90

().x;

:-1---1

0.36
().()37 0.038
1 5 . 7 ~~.]~

‘-- ‘1-----l
().~~ “--();~~(i.012-” 0.014

1 .  t~” 1 . 3 8

‘1’al)lc3:  h~al’g;illill slatisti(sc)f ){, 1~’and  s ’ .

i s  (Illit(’ (’n COlll’:lgillg tO II()(C t]lat tll C Still l[lill’(1 d(’\’iiltli  Oll Of’  s ’  S(WIIIS \’Cl’y  s]llall. l’;l’[’]1 tll C
~)a]i~,l)(.(~ ~)f ))’ is ]~]at,j\J<>]~ s]]]all, ill s])i(,(, c)f t,]l($ ]al’~(> \~al’i:ll)ilit,y cvi(lclltl  ill 111(’  l’ilill l’ilt(’

itwlf.  l“illilll~, tal~l~ 4 Collfirl]]s  tllilt tll(’ Co i l ’ ( ’ l i t t i o l l”  co(’fli(icllts  ill’C all ]Icg;ligil)ly  S111:111.  1 “ 0 1 ”

jojlllly lo$,-llol’ll)  ill” Vill’iiil)l CS,  tllc vallislli]lg of 111(’  (’ol’l’Cli\tiOll  co{’f[icjollts  is Ctj Ui\’ill  Cllt t[) tll(”
I)llltjllill illdcl)(vldc]lcc of tll C V:ll’iill)l(’S t)ll Clll SCl\’(Y+. ‘1’1)11S  011(’ (’all (’C)IICIIIIIC  tllilt 111(’  l)ill’W’; ll
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